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Motivated by the coincidence between the Hubble scale during inflation and the typical see-saw
neutrino mass scale, we present a supergravity model where the inflaton is identified with a linear
combination of right-handed sneutrino fields. The model accommodates an inflaton potential that
is flatter than quadratic chaotic inflation, resulting in a measurable but not yet ruled out tensor-to-
scalar ratio. Small CP-violation in the neutrino mass matrix and supersymmetry breaking yield an
evolution in the complex plane for the sneutrino fields. This induces a net lepton charge that, via
the Affleck-Dine mechanism, can be the origin of the observed baryon asymmetry of the universe.
PACS numbers: 98.80.Cq,12.60.Jv,14.60.Pq
I. INTRODUCTION
Inflation is a postulated period of accelerated expan-
sion of the universe that preceded the hot-big bang
era and solves a number of cosmological problems [1].
The simplest models of inflation predict a nearly scale-
invariant spectrum for the scalar density perturbations
Ps and tensor gravitational waves, Pt. Density perturba-
tions imprint the Cosmic Microwave Background (CMB)
with temperature anisotropies and polarization, and seed
the large scale structures of the universe. Both the large
scale structure and, particularly, the CMB are in excel-
lent agreement with the predictions from inflation [2]. On
the other hand, there is not yet compelling evidence for
gravitational waves, and the current upper bound on the
tensor-to-scalar ratio is r ≡ PtPs
<
∼ 0.11 (the precise limit
depends on the priors and on the data set used [2]). This
gravitational wave signal may be detected in the near fu-
ture if r >∼ 0.01 − 0.05 [3]. In conventional models, this
requires that the inflaton φ spans a range ∆φ >∼ O (Mp)
during the stage of inflation in which the CMB modes
were generated [4]. Here Mp ≃ 2.48 × 10
18GeV is the
(reduced) Planck mass.
This class of models, called “large-field inflation”, is
particularly challenging to obtain in particle physics,
because quantum corrections to the inflaton potential
∆V = φ
4+n
Mn will in general spoil the required flatness
of the potential, unless M ≫ Mp [5]. In supergravity, it
is hard to achieve flatness even at the classical level, due
to the exponential dependence on the Ka¨hler potential
K in the scalar potential V ,
V = e
K
M2p
[
Kij¯ (DiW ) (DjW )
† −
3|W |2
M2p
]
, (1)
where W is the superpotential, Di ≡ ∂iW +W∂iK, and
the subscripts i, j are scalar field labels. A possible solu-
tion to this problem is to protect the flatness of V with a
shift symmetry; this is true both in the general case, [6]
- see [7] for a review - and in supergravity [8–10], where
the symmetry prevents a field from entering in K.
A second challenge for model building is to embed
inflation into a more complete framework of particle
physics. An excellent possibility, first considered in
[11, 12], is to identify the inflaton with one of the right-
handed sneutrino fields in the supersymmetric standard
model. Assuming for simplicity just two right-handed
neutrino superfields N1,2, with complex scalar field com-
ponents φ1,2, we consider the following Kahler and su-
perpotential
K =
1
2
|N1 +N
†
1 |
2 + |N2|
2 , (2)
W =
1
2
m1N
2
1 +mN1N2 +
1
2
m2N
2
2 +m3/2M
2
p , (3)
where m,m1,2 are supersymmetric masses, and the grav-
itino mass m3/2 is a supersymmetry-breaking parame-
ter 1. A special feature of (2) is that, due to a shift sym-
metry on N1, the imaginary part of φ1 is absent from
K and therefore can be (predominantly) identified with
the inflaton. In the model of [12], a specific mass texture
m1 = m2 = 0 is assumed, resulting in φ2 = 0 during in-
flation, and a chaotic inflationary potential V = 1
2
m2φ21
(plus negligible corrections). In addition the third right-
handed neutrino field is assumed to be lighter and ther-
mally produced after inflation, generating a net lepton
asymmetry when it decays. This is subsequently con-
verted to a baryon asymmetry by sphalerons via thermal
leptogenesis [13].
Instead in this Letter we consider a more generic mass
texture in the superpotential (3) (which could be fur-
ther generalized to three fields) and show that a nonzero
m1 gives rise to φ2 6= 0 during inflation. For real m1,
the inflationary evolution occurs in the imaginary φ1,2
plane. Interestingly the inflationary potential along this
trajectory is flatter than the simple quadratic potential
1 We actually need to fix the minimum of the scalar potential to
zero (this corresponds to the standard tuning of the cosmological
constant to zero), through a cancellation between the F-terms of
the supersymmetry breaking term and the superpotential. As-
suming that the supersymmetry breaking F−terms do not de-
pend on the neutrino superfields amounts to introducing an extra
term ∆V = 3m2
3/2
M2p e
K/M2p in (1).
2V = 1
2
m2φ21, leading to a detectable but smaller value of
r compared to massive chaotic inflation.
Furthermore, while m can always be made real by
changing the phase of N2, no corresponding change of
phase is allowed forN1, due to the structure ofK. There-
fore m1 is in general complex. A small imaginary part
of m1 does not substantially modify the inflationary re-
sults obtained for real m1, but allows for a CP-violating
and lepton number, nL, carrying trajectory of the right-
handed sneutrino fields where:
nL ≡ i [φ
∗
1∂0φ1 + φ
∗
2∂0φ2] + h.c. (4)
When the sneutrino decays, nL is transferred to the decay
products. This is a realisation of the Affleck-Dine mecha-
nism [14] in which the baryon asymmetry of the universe
originates from the evolution of a scalar condensate.
II. INFLATION
To compute the scalar field potential following from
(3), we define the real and imaginary components of φi
as φi ≡
1√
2
(φiR + iφiI) and introduce dimensionless pa-
rameters through the rescalings m1 ≡ m (µR + i µI) and
m3/2 ≡ mµ3/2. Furthermore, we neglect m2 and assume
µI , µ3/2 ≪ µR ≪ 1 so that µI and µ3/2 can be disre-
garded during inflation. In the limit µI = µ3/2 = 0, the
model admits the stable solutions φ1R = φ2R = 0 and
the potential for the nonvanishing directions reads
V =
1
2
m2φ21I e
φ2
2I
2M2p
{(
1 + µ2R
)
−
3
8
γ2 −
(
1−
2M2p
φ2
1I
)
φ2I
Mp
−
1
2
[(
1−
2M2p
φ2
1I
)
−
γ2
8
]
φ22I
M2p
+
γ
4
φ32I
M3p
+
1
4
φ42I
M4p
}
, (5)
where γ ≡ µR
φ1I
Mp
. The field φ2I is sufficiently mas-
sive during inflation (see below), and can be integrated
out. Namely, we compute the equation of motion for
φ2I following from (5), and we write the solution as
φ2I [φ1I ]. Inserting this solution back into (5), we obtain
the single-field effective inflationary model Veff (φ1I) =
V (φ1I , φ2I [φ1I ]). In doing so, we can obtain a remark-
ably simple solution, if we disregard the second term in
each of the three round parentheses in eq. (5). Thus, one
can verify that ∂V∂φ2I = 0 is solved by γ =
2φ32I
4M3p−φ22I Mp
.
This relation can then be inverted to give
φ2I
Mp
≃ 21/3 γ1/3 −
γ
6
+O
(
γ5/3
)
, (6)
which, once substituted into (5), gives the effective infla-
tionary potential
Veff ≃
1
2
m2φ21I
[
1−
3
25/3
(
µR φ1I
Mp
)4/3
−
13
24
(
µR φ1I
Mp
)2]
.
(7)
The corrections in the square parenthesis arise from inte-
grating out φ2I , and cause a flattening of the potential.
2
A flatter potential corresponds to a smaller r.
Excellent agreement is found when the evolution of
φ1I is computed using the effective single-field potential
(7) and compared to the evolution of the {φ1I , φ2I} pair
in the full potential (5). The value of r and the spec-
tral tilt ns (defined from the scaling with wavenumber
k of the power spectrum of the density perturbations,
Ps ∝ k
ns−1) can then be computed numerically using
the effective single-field potential (7).
Employing the standard procedure to compute r in
slow-roll inflation (see for instance [18]) we obtain
r ≃
8
N
[
1−
7× 22/3
5
N2/3 µ
4/3
R −
13
8
µ2R
]
, (8)
where N is the number of e-folds of inflation. The result
r = 8N of massive chaotic inflation is recovered at µR = 0.
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FIG. 1. Values of the spectral tilt ns and the tensor-to-scalar
ratio r for N = 50 (red-solid lines) and N = 60 (green dotted
line). Each line is obtained by varying µR. From top to
bottom, the points on the lines correspond to the values µR =
(0, 1, 2, 3, 4) × 10−2, respectively. The Planck contours are
obtained from [19]. The top points µR = 0 correspond to
quadratic chaotic inflation.
These results are shown in Figure 1. The numerical
result for r is in very good agreement with (8). As is clear
from the figure, a measurement of r could determine the
value of µR in the model. Moreover, the amplitude of
Ps determines the overall scale, m of the potential [18].
The value is only weakly sensitive to µR in the interval
shown in Figure 1: for µR = 0, and N = 50(60) we
recover the result m ≃ 1.9(1.6) × 1013GeV of massive
chaotic inflation, while for µR = 0.04 we obtain m ≃
1.5(1.1)× 1013GeV. This coincides with the typical see-
saw neutrino mass scale.
Finally, let us justify the approximations used in (7).
For definiteness, we set µR = 0.03, (well within the ex-
perimental limit shown in the figure) and N = 60 (the
2 A flattened inflation potential from integrating heavy fields out
has also been obtained in [15–17].
3results for N = 50 are very similar). Evaluating nu-
merically the potential (5) and its derivatives along the
inflaton trajectory, we find the ratio between the mass
of the φ2I field (mφ2I ), and the Hubble rate
3 (namely,
mφ2I
H =
√
3M2pV,φ2Iφ2I
V ) to be ≃ 3.6. Therefore, it is
consistent to integrate φ2I out, and disregard its fluc-
tuations. Secondly, we see that the terms that we disre-
garded in (5), provide at most a 1.1% correction. This
is insignificant compared to the effects obtained in our
final expression (7) (namely, the last two terms in the
square parenthesis amount to −0.26 and −0.08, respec-
tively). Thirdly, we note that integrating out the field
φ2I also provides a correction to the kinetic term of φ1I
in the single-field description (related to the fact that
φ2I contributes in part to the inflationary trajectory),
Ekin =
1
2
[
1 +
(
∂φ2I
∂φ1I
)2]
φ˙21I , where the field derivative
is evaluated on the solution φ2I [φ1I ]. The correction
amounts to 3.2× 10−4 , and is therefore also negligible.
III. LEPTOGENESIS
One can verify that, setting µI = 0 in the full potential
(1), leads to φ1R = φ2R = 0, while setting µ3/2 = 0
leads to φ1R = 0 , φ2R = −
µI
µR
φ2I . Both cases lead to
nL = 0 in eq. (4). Therefore the lepton number in this
mechanism can be suppressed by the smallness of these
parameters, nL = O
(
µI µ3/2
)
. The exact evolution of
the fields after inflation cannot be computed analytically.
However, with some approximations we can reproduce
the correct order of magnitude of the baryon asymmetry.
In the basis Φ = {φ1R, φ2R, φ1I , φ2I} the scalar equa-
tions of motion can be formally written as
Φ¨i + 3HΦ˙i + ∂iV = 0 . (9)
Using the fact that |Φi| ≪Mp after inflation, we expand
V at quadratic order in the fields. Oscillations of massive
fields effectively have the same equation of state as mat-
ter, and so 4 H = 2
3t . Eq. (9) then becomes a system of
linear equations ∂20
(
a3/2Φi
)
+(∂i∂jV ) a
3/2Φj ≃ 0, which
can be diagonalized by solving the eigenvalue problem
(∂i∂jV ) vn,j = λ
2
n vn,i , vm,ivn,i = δmn , (10)
where we have introduced the eigenstates
Yn ≡ vn,i a
3/2Φi with eigenmasses λn. The evo-
lution equation then becomes ∂20Yn = λ
2
n Yn, and leads
3 We recall that H = a˙
a
, where a is the scale factor and dot denotes
differentiation with respect to time t.
4 This relation, as well as the approximation in (12), hold for
H ≪ m, and so they do not hold exactly at the onset of the
oscillations, when H <∼ m. This may introduce O (1) corrections
in our derivation, but does not change the order of magnitude of
our final result.
to the solution
Yn (τ) ≃ Yn (t0) cos (λn τ) +
Y˙n (t0)
λn
sin (λn τ) , (11)
where τ = t − t0, and t0 denotes the end of inflation.
Setting a (t0) = 1, we have Yn (t0) = vn,jΦj (t0) and
Y˙n (t0) = vn,j
[
Φ˙j (t0) +
3
2
H (t0)Φj (t0)
]
≃ vn,j Φ˙j (t0) ,
(12)
so that (11) becomes
Φi (τ) ≃
vn,ivn,j
a3/2
[
Φj (t0) cos (λn τ) +
Φ˙j (t0)
λn
sin (λnτ)
]
.
(13)
Substituting this into (4) we obtain
nL = Cnilj
{
(λn − λl) sin [(λn + λl) τ + δ+,nilj ]
+ (λn + λl) sin [(λn − λl) τ + δ−,nilj ]
}
, (14)
where the constants are defined as
Cnilj ≡
1
2a3
(vn,1vl,3 + vn,2vl,4) vn,ivl,j
×
√
Φ2i (t0) +
Φ˙2i (t0)
λ2n
√
Φ2j (t0) +
Φ˙2j (t0)
λ2l
,
δ±,nilj ≡ tan−1
[
λnΦi (t0)
Φ˙i (t0)
]
± tan−1
[
λl Φj (t0)
Φ˙j (t0)
]
. (15)
We see that the lepton-number-violating and CP -
violating masses in V cause the lepton number (14) to
oscillate with frequencies given by the sums and differ-
ences of the eigenmasses.
The eigenvalue problem (10) can be solved as an ex-
pansion series in µI ≪ 1. We denote the mass-squared
eigenvalues as λ21,2 ≡ λ
2
± and λ
2
3,4 ≡ Λ
2
±, where
λ2± ≃ m
2
[(
4 + µ2R
)
P 2± + µR P± µ3/2
]
+O
(
µ2I , µ
2
3/2
)
,
Λ2± ≃ m
2
[(
4 + µ2R
)
P 2± + µRQ±µ3/2
]
+O
(
µ2I , µ
2
3/2
)
,(16)
and we have introduced the two parameters
P± ≡
1
2
±
µR
2
√
4 + µ2R
, Q± ≡
3
2
±
8 + 3µ2R
2µR
√
4 + µ2R
. (17)
Substituting (16) and the expressions for the eigenvec-
tors into (14), we find that only four terms proportional
to sin [(λ± + Λ±) τ ] and sin [(λ± − Λ±) τ ] contribute to
leading order in µI . The sums of the eigenmasses corre-
spond to fast oscillating contributions to nL, that average
away during the decay of the right-handed sneutrinos.
The frequencies corresponding to the differences, are in-
stead of O
(
m3/2
)
, and are therefore much smaller than
4the decay rate.5 Neglecting the fast oscillating terms, we
obtain
nL ≃ −ξ0
µIµ3/2 tm
2M2p
µ
2/3
R a
3
+O
(
µIµ
2
3/2, µ
2
Iµ3/2
)
, (18)
ξ0 ≡
φ1I(t0)
Mp
φ2I(t0)
µ
1/3
R Mp
(
1 +
φ˙2I(t0)
3m2φ2
1I(t0)
)
+O
(
µ
2/3
R
)
,
in the time interval m−1 ≪ t≪ m−1
3/2. The coefficient ξ0
depends on the values of the fields at the end of inflation,
which give ξ0 ≃ 1.
IV. REHEATING AND BARYON ASYMMETRY
To estimate the baryon asymmetry obtained from (18),
we assume an instantaneous decay of the sneutrino fields
with the rate Γ ≡ h
2
8pim, where h is the Yukawa coupling of
the NLHu interaction (L and Hu denote the left-handed
lepton and the up-type Higgs doublet, respectively). The
Yukawa coupling is related to the neutrino masses by the
see-saw formula mν ≃ h
2v2u/m (suppressing flavor in-
dices) where vu = 〈Hu〉. A fit to the neutrino oscillation
data leads to Yukawa couplings as large as h ∼ 0.1 for the
largest neutrino mass mν ∼ 0.05 eV. We stress however
that the two neutrino fields employed in our mechanism
do not necessarily need to be the two heaviest ones, so
that h can be smaller than 0.1.
Before the decay, sneutrino oscillations dominate the
energy density of the universe, enforcing the scale factor
evolution a = (mt)
2/3
. The decay occurs whenH (t) = Γ,
and generates a thermal bath with reheating temperature
TRH ≃ 4.4× 10
13GeV
h
0.1
√
m
1013GeV
. (19)
The lepton number (18) is transferred to the thermal
bath, and is then partially reprocessed by electroweak
sphalerons into the baryon number nB = −
8
23
nL [21].
This gives the abundance
YB ≡
nB
s
≃
µI µ3/2
27µ
2/3
R
√
Mp
Γ
, (20)
where s is the entropy density of the thermal bath [22].
The nBs ratio is unaffected by the expansion of the uni-
verse, and controls both the light-element abundance
formed during big-bang nucleosynthesis and the height
of the CMB peaks. The CMB constraint is the most
stringent and enforces nB/s ≃ 9× 10
−11 [2]. This can be
5 Ref. [20] discussed an analogous mechanism for leptogenesis, but
assumed that the right-handed sneutrino decays when the slow
oscillating term is at a maximum. Here we make the more natural
assumption of a right-handed sneutrino decay rate Γ ≫ m3/2,
resulting in a O
(
m3/2Γ
−1
)
suppression of the asymmetry.
satisfied by (20), provided
m3/2 ≃ 3.6GeV
µR
µI
(
0.02
µR
)1/3
h
0.1
( m
1013GeV
)3/2
.
(21)
As in the thermal leptogenesis scenario [13], additional
lepton asymmetry may be generated at the decay of the
right-handed sneutrino condensates, and of the neutrino
and sneutrino quanta recreated by the thermal bath (no-
tice that the reheating temperature (19) is marginally
greater than m). We assume that this contribution is
negligible. This can be easily achieved if the CP-violating
phases in the Yukawa coupling are sufficiently small. As-
suming negligible CP violation in h also ensures that the
asymmetry (20) is not washed out by thermal scatter-
ings between the lepton and Higgs quanta mediated by
the right-handed neutrinos.
A high reheating temperature can also lead to a signifi-
cant thermal gravitino production. For TRH ≃ 10
13 GeV
the gravitino abundance is Y3/2 ≃ 2 × 10
−9 [23]. Such
gravitinos may be identified with the present dark matter
if m3/2 = O (100MeV). This is incompatible with (21),
under the assumption that µI ≪ µR. Instead, provided
that m3/2 & 10TeV [23], we can assume that graviti-
nos decay before nuclesynthesis. The decay produces the
lightest supersymmetric particle (LSP) with an identical
abundance to the gravitino parent, which can be iden-
tified with the current dark matter provided its mass
is now of O (100MeV) [24]. Another possibility is to
consider R-parity violation, so that the LSP also decays
[12], which, however, has the drawback that dark mat-
ter cannot be the LSP neutralino. A third possibility is
to impose that gravitinos decay before the dark matter
freezes out (namely, at a temperature & mLSP/20), so
that the LSP produced by their decay thermalizes, and
their final abundance is the thermal one (in this case,
neutralino dark matter with electroweak mass can be
assumed). This requires m3/2 & 10
7GeV
(
mLSP
100GeV
)2/3
.
This large hierarchy between the gravitino and the LSP
mass is a feature of certain models [25, 26].
V. CONCLUSION
In this Letter we have presented a supergravity model
where the inflaton is identified with a linear combination
of right-handed sneutrino fields. Due to a shift symmetry
the dominant component is absent from the Ka¨hler po-
tential. We have studied a minimal version of the model,
characterized by two sneutrino fields and two mass terms.
The resulting potential along the inflationary trajectory
is flatter than that of quadratic chaotic inflation, giv-
ing a gravitational wave signal that can be detected in
the near future. The normalization of the scalar per-
turbations fixes the right-handed neutrino mass scale to
the naturally expected value in the see-saw mechanism.
CP violation in the neutrino masses and supersymmetry
breaking cause a lepton charge carrying evolution of the
sneutrino fields, that can be the origin of the observed
baryon asymmetry of the universe. Thus, the smallness
5of the asymmetry is naturally due to the double suppres-
sion from small CP violation and from a supersymmetry-
breaking scale much below the Planck scale.
Acknowledgments This work is supported in part
by the Department of Energy grant DE-SC0011842 at
the University of Minnesota.
[1] A. D. Linde, Contemp. Concepts Phys. 5, 1 (1990) [hep-
th/0503203].
[2] P. A. R. Ade et al. [Planck Collaboration], Astron. Astro-
phys. 571, A22 (2014) [arXiv:1303.5082 [astro-ph.CO]].
[3] D. Baumann et al. [CMBPol Study Team Collaboration],
AIP Conf. Proc. 1141, 10 (2009) [arXiv:0811.3919 [astro-
ph]].
[4] D. H. Lyth, Phys. Rev. Lett. 78, 1861 (1997) [hep-
ph/9606387].
[5] S. Weinberg, Phys. Rev. D 77, 123541 (2008)
[arXiv:0804.4291 [hep-th]].
[6] K. Freese, J. A. Frieman and A. V. Olinto, Phys. Rev.
Lett. 65, 3233 (1990).
[7] E. Pajer and M. Peloso, Class. Quant. Grav. 30, 214002
(2013) [arXiv:1305.3557 [hep-th]].
[8] M. Kawasaki, M. Yamaguchi and T. Yanagida, Phys.
Rev. Lett. 85, 3572 (2000) [hep-ph/0004243].
[9] R. Kallosh and A. Linde, JCAP 1011, 011 (2010)
[arXiv:1008.3375 [hep-th]].
[10] R. Kallosh, A. Linde, K. A. Olive and T. Rube, Phys.
Rev. D 84, 083519 (2011) [arXiv:1106.6025 [hep-th]].
[11] H. Murayama, H. Suzuki, T. Yanagida and J. Yokoyama,
Phys. Rev. D 50, 2356 (1994) [hep-ph/9311326].
[12] H. Murayama, K. Nakayama, F. Takahashi and
T. T. Yanagida, Phys. Lett. B 738, 196 (2014)
[arXiv:1404.3857 [hep-ph]].
[13] M. Fukugita and T. Yanagida, Phys. Rev. D 42, 1285
(1990).
[14] I. Affleck and M. Dine, Nucl. Phys. B 249, 361 (1985).
[15] X. Dong, B. Horn, E. Silverstein and A. Westphal, Phys.
Rev. D 84, 026011 (2011) [arXiv:1011.4521 [hep-th]].
[16] L. McAllister, E. Silverstein, A. Westphal and T. Wrase,
JHEP 1409, 123 (2014) [arXiv:1405.3652 [hep-th]].
[17] W. Buchmuller, E. Dudas, L. Heurtier, A. Westphal,
C. Wieck and M. W. Winkler, arXiv:1501.05812 [hep-th].
[18] J. Martin, C. Ringeval and V. Vennin, Phys. Dark Univ.
(2014) [arXiv:1303.3787 [astro-ph.CO]].
[19] F. Finelli, Planck constraints on inflation, a talk at the
Planck 2014 conference in Ferrara, December 2014.
[20] R. Allahverdi and M. Drees, Phys. Rev. D 69, 103522
(2004) [hep-ph/0401054].
[21] G. F. Giudice, A. Notari, M. Raidal, A. Riotto and
A. Strumia, Nucl. Phys. B 685, 89 (2004) [hep-
ph/0310123].
[22] E. W. Kolb and M. S. Turner, Front. Phys. 69, 1 (1990).
[23] M. Kawasaki, K. Kohri, T. Moroi and A. Yotsuyanagi,
Phys. Rev. D 78, 065011 (2008) [arXiv:0804.3745 [hep-
ph]].
[24] H. K. Dreiner, S. Heinemeyer, O. Kittel, U. Langenfeld,
A. M. Weber and G. Weiglein, Eur. Phys. J. C 62, 547
(2009) [arXiv:0901.3485 [hep-ph]].
[25] M. A. Luty, Phys. Rev. Lett. 89, 141801 (2002) [hep-
th/0205077].
[26] T. Gherghetta, B. von Harling and N. Setzer, JHEP
1107, 011 (2011) [arXiv:1104.3171 [hep-ph]].
